PCOS is a clinical heterogeneous entity of female androgen excess diagnosed by exclusion of other disorders responsible for androgen excess. The concept of secondary PCOS implies that there is a primary well-defined cause leading to the PCOS phenotype with underlying androgen overproduction, regardless of the origin. In these cases, we presume the term of 'secondary PCOS' could be used. In all these conditions, the potential complete recovery of the hyperandrogenemic state as well as the remission of the PCOS phenotype should follow the removal of the cause. If accepted, these concepts could help clinicians to perform in-depth investigations of the potential factors or disorders responsible for the development of these specific forms of secondary PCOS. Additionally, this could contribute to develop further research on factors and mechanisms involved in the development of the classic and the nonclassic PCOS phenotypes.
Introduction
The polycystic ovary syndrome (PCOS) is the most common endocrinopathy of women in reproductive age. PCOS is largely heterogeneous, including both classic and nonclassic forms, characterized by major differences in the clinical presentation and pathophysiological aspects (1) . In 1935, Stein and Leventhal provided the first description of PCOS including hirsutism, amenorrhea, chronic anovulation and infertility; obesity and enlarged cystic ovaries demonstrated after surgery (2) . The first modern definition of PCOS came from an expert conference sponsored by the National Institute of Health (NIH) in 1990. It defined that the major criteria for PCOS, including clinical hyperandrogenism and/or hyperandrogenemia and menstrual dysfunction (oligo-amenorrhea, infertility), provided that all other well-known disorders presenting with the same signs and symptoms have been excluded a priori (3) . Therefore, this definition identified PCOS as an androgen excess disorder of exclusion, with an ovarian dysfunction at the basis of the disease. In 2003, another expert conference in Rotterdam, sponsored by the European Society for Human Reproduction and Embryology and the American Society for Reproductive Medicine (ESHRE/ASRM) (4), added specific sonographic findings of polycystic ovaries (defining the polycystic ovarian morphology -PCOm) to those previously defined by the NIH conference and recommended that PCOS could be defined when at least two major features were present, whatever their combination, provided that all the other disorders responsible for androgen excess had been excluded. In a relatively short period of time, use of the Rotterdam's criteria has spread everywhere, although these criteria have led to a significant multiplication of the phenotypes, starting from the classic ones up to milder forms, without the presence of a hyperandrogenic state (5) . Obviously, this has increased the nosological difficulties in diagnosing PCOS and its multiple phenotypes. For example, some disagreement still remains between gynecologists and endocrinologists on the use of these criteria, the first being more focused on PCOm and ovarian dysfuntion, whereas the second seem to concentrate more on hyperandrogenism and metabolic issues (6, 7) . In fact, there is emerging evidence that metabolic features, including insulin resistance and compensatory hyperinsulinemia, glucose intolerance states and lipid abnormalities are much more associated with the classic phenotype of PCOS and are strictly related to the pattern of androgen excess (8, 9) , as previously underlined by the document published in 2009 by the Androgen Excess and PCOS society (AEPCOS) society (5) . Finally, in 2012, the Expert Panel following the NIH (USA) (10) suggested that a list of activities aimed at improving the understanding in the diagnosis and management of PCOS is warranted, including the need for specific biological and clinical markers using a phenotype-biological approach and the urgent need to expand the use of precise and accurate techniques to measure circulating androgens. It is expected that scientists and clinicians may be helped by this approach in characterizing classic vs nonclassic forms of PCOS and, eventually, their specific pathophysiological aspects.
Arguments in favor of the definition of secondary PCOS
Several recent studies have shown that extremely accurate and sensitive technologies in the detection and analysis of steroids, such as liquid chromatography-tandem mass spectrometry (LC-MS/MS) (8) , have significantly improved the definition of the androgenemic blood pattern in women with PCOS (11, 12, 13, 14, 15, 16, 17, 18) . These studies have clearly shown that a steroid profile, including not only testosterone blood levels but also androstenedione and the free androgen index (FAI), may optimize the diagnosis of hyperandrogemia in women with PCOS, therefore improving our understanding on the heterogeneity of its phenotypes. In fact, increasing evidence supports that androgen excess represents a constitutive biomarker of PCOS. As expected, an androgen profile rather than testosterone alone should be used, as documented by several recent studies (12, 13, 14, 15, 16, 18) . A fundamental prerequisite is represented by the fact that if different androgens are needed to fully define hyperandrogenemia in these women, it could be that different mechanisms may be involved in regulating the enzyme activity involved in the androgen production rate or in their metabolic clearance rate (18) . In addition, although there is a consensus that increased androgen production in PCOS women is mainly dependent on hyperactivity of the ovarian theca cells, some uncertainty still remains regarding the role of adrenals and extraglandular sites (8) , such as the adipose tissue and the liver and possibly the skin cell, as they express the most crucial genes of steroidogenesis and also utilize sex steroid precursors of potent androgens (19, 20) . This may have some relevance in explaining the presence of hirsutism in women without evidence for an altered blood androgen profile.
Since PCOS is a clinical entity diagnosed by exclusion, it is essential to acknowledge that all other main disorders responsible for androgen excess need to be excluded. The concept of secondary PCOS stems from the fact that there are diseases or disorders, some of which were included in the exclusion criteria cited above, with a well-defined etiology and pathophysiology, in which a direct responsibility in determining the excessive production of androgens and, possibly, the development of the different PCOS phenotypes is obvious or widely assumed. The presence of androgen excess, whatever the specific androgen increase, needs to be present in the secondary forms of PCOS, irrespective of the original cause. In addition, specific and well-defined causative factors, either endogenous or exogenous, need to be clearly recognized. Finally, the potential complete recovery of the hyperandrogenemic state as well as the remission of the PCOS phenotype should follow the removal of the cause, whatever it may be (a disease, a disorder or a drug). Accordingly, in most of these cases, the secondary PCOS could be defined as comorbidity.
postulated (1, 8, 9) . It has been reported that the PCOS phenotype can be found from early infancy to puberty (21) . Available studies do not support the concept that the common PCOS is due to a single-gene defect, although large association studies have suggested that a cluster of genes may increase the individual susceptibility to develop it (22, 23) . Animal studies have also suggested that fetal exposure to androgen excess may contribute to development of the PCOS phenotype later in time (24, 25) . These theories imply the potential direct role of intrauterine androgen excess in favoring the metabolic derangements, including hypertrophy of the visceral fat and associated insulin resistance coupled with compensatory hyperinsulinemia. Additional events that have been associated with an increased risk of developing PCOS are low birth weight and subsequent catch-up (8, 21) .
The impact of overweight or obesity developed during pubertal years on the maturation of the hypothalamicpituitary-gonadal (HPG) axis and the fertility processes deserves some attention (26) . Intriguingly, the early exposure to inappropriate androgens may also be responsible for altered hypothalamic control of gonadotropin secretion and, in turn, of the ovarian function (26) . In adolescent girls, excess body weight often precedes or manifests at the same time as the development of irregular menses and is often associated with increased testosterone (total and free) blood levels (27) . In these girls, body mass index (BMI) may represent the best predictor of unbound testosterone levels, much more than luteinizing hormone (LH) and insulin levels, and the Tanner stage (27) . Large population-based studies have also shown that half of oligomenorrheic girls may have significantly increased LH and androgen levels (28) , although this finding still remains controversial, since other studies performed in healthy normal-weight girls with anovulatory regular menses showed that they were characterized by a significantly higher androgen levels in comparison with those with ovulatory menses (29) . Intriguingly, longitudinal studies have shown that adolescent serum androgen levels may be preserved into adulthood and are associated with menstrual dysfunction, which suggests a potential risk to develop PCOS (30) . A study performed in a large cohort women with PCOS, to investigate the relationship between the prevalence of PCOm and blood androgen levels with the women's body size at birth and the length of gestation, found that the PCOS group characterized by obesity and high testosterone had above-average birth weight and were born from overweight mothers, which suggests that intrauterine factors may in some way predispose to the development of PCOS (31) . At variance, a more recent large study did not support the hypothesis that maternal androgens, within the normal range for pregnancy, directly program PCOS in the offspring (32) . In any case, an increase in body weight and fat during early adolescence may disrupt the HPG axis by neuroendocrine mechanisms both by involving suppression of gonadotropins independently of androgen excess and by altering diurnal neuroendocrine rhythms (33) . In addition, excess body fat and obesity may also produce other specific negative effects on the sex steroid system. For example, an increased production rate of testosterone from androstenedione, through activation of adipocyte type 5 17β-hydroxysteroid dehydrogenase (possibly mediated in part by insulin), has been found (33) . The role of enzyme dysregulation has been confirmed by the fact that its expression in the subcutaneous fat correlated with BMI values and decreased after weight loss (34, 35) .
Although insulin excess has been proved to be responsible, at least in part, for ovarian androgen production rate in the theca cells (36) , there is consistent evidence that the impact of obesity on androgen balance cannot be totally ascribed to insulin, since insulin resistance and compensatory hyperinsulinemia are present in about 25% of PCOS adolescents and in 50-70% of adults, based on clinical studies (37, 38) , although the data obtained from euglycemic clamp studies support much higher rates (39) . In any case, it seems that insulin resistance in PCOS is disproportionate to the degree of obesity; it should, however, be considered that it is invariably present in all obese women (39) . Interestingly, it has been reported that ovulatory women with PCOS are less insulin-resistant than anovulatory PCOS ones (40) . Obesity is known to increase androgen and insulin levels and, consequently, it is suggested that it may increase PCOS prevalence and exacerbate the clinical features of PCOS (41) . Therefore, the available data support the concept that obesity per se may determine or reveal the PCOS phenotype from adolescence to adulthood in susceptible individuals.
An important aspect that needs to be emphasized is represented by the fact that an expansion of the visceral adipose tissue is believed to play an important role in the pathophysiology of PCOS. Increased visceral adiposity is very common in women with PCOS, is partly independent of the BMI values and may significantly contribute to the expression and severity of the PCOS phenotype (8) . There is consistent evidence that in PCOS women, visceral fat may have an aberrant morphology and function, which is partly dependent on androgen excess. The main alterations are represented by the development of hypertrophic adipocytes and their relative inefficiency in responding to the sympathetic system (42) . These features appear to be different with respect to those observed in the visceral fat cells in the insulin resistance syndrome, which occurs at the level of adrenergic receptors (42) . Other studies have shown that an increased catecholamine-induced lipolysis in women with PCOS may be due to unique alterations in the stoichiometric properties of the protein kinase A (PKA)-hormone sensitive lipase (HSL) complex, which could represent early and possibly primary lipolytic defect in these women (43) . Interestingly, an alteration of the lipolytic catecholamine resistance can also be present in the subcutaneous fat, and could probably be attributed to a combination of decreased amounts of β2-adrenergic receptors, other than to the regulatory II b component of both PKA and HSL systems (44) . In addition, it has been reported that a reduced adipose tissue vascularization can be present, leading to a consequent hypoxia and, definitely, to the development of a local low-grade inflammation with an increased production of cytokines, chemokines and adipokines that are able to antagonize insulin functions linked with a decreased production of the natural insulin sensitizer adiponectin (45) . Therefore, in this way, the development of local and systemic insulin resistance may develop over time. Although the cause of the abnormal structure and function of the adipose tissue in PCOS are still relatively unclear, there is convincing evidence supporting a role of androgen excess. First, androgens stimulate the hypertrophy of adipocytes by affecting the expression of enzymes and proteins involved in lipid and carbohydrate metabolism, in oxidative stress and in the differentiation of pre-adipocytes into mature adipocytes (42) . Secondly, androgens regulate lipolysis, resulting in an increased release of free fatty acids (46) . These and other still undefined effects of even modest androgen excess in women may explain the association between visceral fat enlargement and PCOS status in both adolescent and adult women. Consequently, it could be suggested that early visceral fat expansion, particularly during childhood and in adolescent age, may play a role in the development of PCOS.
Effect of weight loss on PCOS: lifestyle and bariatric surgery
Whether obesity plays a causative role or only represents a condition amplifying the development of the PCOS, particularly during adolescence, is at present still unclear. Undoubtedly, weight loss per se may improve PCOS to varying extents. In fact, a number of interventional studies with lifestyle modification with or without the association of insulin sensitizers (particularly metformin) or weight lowering drugs uniformly demonstrated a significant improvement in many key features of PCOS, including androgen blood levels (47) . Unfortunately, most of these studies are short, rarely exceeding 6 months (47), which represents their major limitation. In addition, a great inter-individual variability in the response to weight loss has been reported, and predictive factors are still largely under-evaluated (48, 49) . However, it has been shown that when the objectives are well defined, patient empowerment can be increased, and the extent of weight loss can, therefore, be amplified (50) .
A long-term retrospective study performed in a relatively large group of obese PCOS patients treated with a hypocaloric diet (1200-1400 kcal/day) followed by mild caloric restriction and physical activity, with careful reinforcement at the periodical checkups and with a followup period of 20.4 ± 12.5 months reported that, in spite of similar weight loss, 15.4% had a persistence of the full PCOS phenotype, 47.7% had a partial improvement (still hirsute, discordant recovery in androgen blood levels) and, finally, 36.9% completely recovered from all features of PCOS (51) . Figure 1 depicts the major findings on androgen blood levels, and ovarian morphology in PCOS women who completely recovered from PCOS. Importantly, the study also found that high abdominal fatness (measured by waist circumference) and particularly baseline androstenedione blood levels (P < 0.001) predicted the worse outcome. Interestingly, an inverse relationship between androstenedione blood levels at baseline and the improvement periods has also been described in another study carried out in women with PCOS following a 6-month metformin treatment (52) . These findings confirm that the response to weight loss in overweight/ obese PCOS women is largely heterogeneous. However, they show that a subset of women with the classic PCOS phenotype may achieve full recovery. Unfortunately, very few studies are available on the efficacy of long-term lifestyle intervention, particularly in overweight or obese adolescent girls, in which the major interest is often represented by the improvement of menstruations and excessive androgens, rather than by infertility.
Circulating blood concentrations of androstenedione may be high or relatively normal in women with PCOS, often independent of testosterone values, which may reflect a different origin, production rate or metabolic processes (18) . They may also refer to a subset of PCOS women with a primary ovarian functional hyperandrogenism, since overproduction of androstenedione from both the ovaries and the adrenals has been demonstrated (53) . However, this finding may also disclose a specific subset of women with PCOS, characterized by decreased aromatase activity in the ovarian tissues, as suggested by previous studies (54) and recent genetic findings on the activity of this enzyme in PCOS (55) . Studies on the effects of bariatric surgery in PCOS women with severe obesity represent convincing evidence on the potential recovery from the PCOS phenotype, provided adequate weight loss is achieved. A pioneer study from Escobar-Morreale and coworkers (56) found that in 12 women with massive obesity and PCOS followed-up for 12 ± 5 months after bariatric surgery, most of them displayed a complete remission of the PCOS phenotype. A recent meta-analysis (57), including 13 primary studies and involving 2130 female patients, provided additional information on the efficacy of bariatric surgery in obese PCOS women. The authors reported that the preoperative incidence of PCOS was 45.6%, which significantly decreased to 6.8% (P < 0.001) at the 12 month follow-up, parallel to the decrease in BMI from 46.3 to 34.2. Focusing on the criteria defining the PCOS phenotypes, the study found that 56.2% of patients reported preoperative menstrual irregularity, which significantly decreased to 7.7% (P < 0.0001). The incidence of hirsutism declined from 67.0% at baseline to 38.6% (P = 0.03) and that of infertility declined from 18.2 to 4.3% (P = 0.0009). Notably, some heterogeneity in the response was found, which was significant for all outcomes, except for infertility. These data confirm the relevant effectiveness of sustained weight loss on the PCOS phenotype and suggest that a number of patients achieved complete recovery from it.
PCOS secondary to other endocrinopathies and other disorders in hormonal action and metabolism
It is currently accepted that many endocrine disorders with a well-defined etiology may develop clinical and biochemical features fully representative of the classic PCOS. An essential prerequisite is that all these disorders need to be ruled out in order to make the diagnosis of PCOS (2, 3, 4) . In fact, these disorders may often present with signs and symptoms of androgen excess, ovarian dysfunction and PCOm. From the conceptual point of view, all patients with the combined presence of these specific features should be defined as having a secondary PCOS phenotype or PCOS-like syndrome. In most cases, this requires a careful clinical evaluation, combined with biochemical hormone measurement, specific functional tests, genetic profile and, finally, imaging studies.
There is a list of these disorders that can mimic PCOS, and, as reported above, they need to be excluded in a woman with a PCOS phenotype. Some of them have been cited above according to all the consensus criteria (3, 4, 5) . Notably, all these diseases are characterized by a specific etiology and pathophysiological derangements. However, there are other clinical entities characterized by androgen excess and, possibly, the PCOS phenotype. They include conditions due to glucocorticoid resistance or altered cortisol metabolism, acromegaly, severe hypothyroidism, hyperprolactinemia, severe insulin resistance disorders and some cases of type 1 diabetes as well as gestational diabetes (58, 59, 60, 61, 62) . In accordance with the reasoning followed in this paper, it is important to point out that almost all these diseases can be treated, although not all can be completely cured, because of their genetic background and/or the incomplete clarification of pathophysiological mechanisms. There is clinical evidence that when these patients are healed or cured, the PCOS-like phenotype tends to completely disappear in most of them, which obviously confirms that PCOS represents a secondary disorder. In the following section, we enter into the merits of the heterogeneous entity represented by severe insulin-resistant states, a chapter in rapid expansion due to the important growth of the knowledge in the pathophysiological and genetic aspects.
Severe insulin-resistant syndrome and PCOS
In 1976, Kahn and coworkers (63) first proposed the severe insulin-resistant states in non-obese patients and classified them as "type A" or "type B," respectively, based on the absence or presence of anti-insulin receptor antibodies. At around the same time, the term "HAIR-AN" (hyperandrogenism, insulin resistance and acanthosis nigricans) (64) was coined, identifying a specific combination of severe insulin resistance associated with a PCOS-like phenotype, and remained use for several years, although it intrinsically represented a generic description of severe IR in women. In the last decade, the increased understanding of the different forms of insulin resistance allowed a chance for a more detailed new classification of these conditions, now called severe insulin resistance syndrome (SSIR), based on clinical features and related molecular and genetic aspects (65) . SSIR can be subcategorized by the type of defect that leads to severe insulin resistance, when noted. These defects include insulin receptor autoantibodies, mutations in the insulin receptor or in the signaling pathway downstream of the insulin receptor and, most frequently, a defect in the function or in the development of the adipose tissue, leading in turn to different patterns of lipodystrophies (65) . There are several different lipodystrophic phenotypes, due to the partial or total loss of subcutaneous fat with a different distribution due to the different etiology (66) . Lipodystrophy is often, though not always, accompanied by metabolic derangements, including insulin resistance, diabetes mellitus, hepatic steatosis or steatohepatitis and dyslipidemia. Other manifestations of metabolic derangements can include polycystic ovarian syndrome (PCOS), acanthosis nigricans (due to severe insulin resistance) and eruptive xanthomas (due to severe hypertriglyceridemia) (67, 68) . While congenital generalized forms of lipodystrophy are often diagnosed during childhood, some forms of partial lipodystrophies, particularly familial partial lipodystrophy, may have some similarity with the most common metabolic disorders managed by adult endocrinologists, and appear after pubarche. A recent consensus statement aimed at improving the detection of all types of lipodystrophies has recently been published (68) . The fact that, in the past, women with the HAIR-AN syndrome were characterized by the classic PCOS phenotype strongly supported a role of insulin excess in determining all features of PCOS, chiefly androgen excess (Fig. 2) . In fact, it is well know that insulin excess is able to stimulate theca cell steroidogenesis and reduces hepatic SHBG synthesis, thereby leading to hyperandrogenemia (8) . This has been confirmed by a long list of studies showing a significant association between insulin and androgens, particularly testosterone and androstenedione (13, 14, 18) . In addition, there is a general consensus that in most women with PCOS, a mild-tomoderate insulin resistance may be responsible for the high prevalence of the metabolic syndrome (39) and that insulin sensitizers, such as metformin, may improve total and free testosterone in these women (1, 8) . Notably, it should also be recognized that there has been uncertainty as to whether insulin resistance in PCOS has unique characteristics, since androgen excess per se may explain the development of insulin resistance in the insulin-sensitive tissues, such as fat, muscles and liver (46) . In any case, the role of severe insulin resistance and very high circulating insulin in determining the PCOS phenotype in patients with SSIR states is confirmed on both clinical and basic research studies (69) . One aspect of the association between PCOS and SSIR is that, in the last two decades, it has become increasingly clear that the responsible genetic factors of PCOS linked to SSIR are quite specific, and completely different with respect to the susceptible genes of the common PCOS, as proposed by recent genome-wide association and linkage studies (22, 23) . In fact, a combination of linkage analysis and candidate gene screening has led to the identification of a list of genes associated with congenital lipodystrophy, either generalized or partial, that encodes protein essential for normal fat tissue development and/or function in Recently, two new inherited forms of lipodystrophies due to mutation in polymerase delta 1 (POLD1) or hormonesensitive lipase (LIPE) gene have been described (70, 71) . The expanding genetic background responsible for the development of the different lipodystrophy phenotypes indirectly supports the primary role of exaggerated circulating insulin in the development of the forms of secondary PCOS in these patients. In the most common condition from the clinical point of view, represented by a patient who asks for a medical consultation for features of PCOS, in addition to a thorough medical examination, it is also necessary to evaluate insulin blood levels. In the presence of severe insulin resistance and very high circulating insulin, it is mandatory to search for the presence of a lipodystrophic phenotype, particularly the partial ones. In most cases, it is mandatory to plan adequate clinical and laboratory investigations to make a correct diagnosis. Although no formal criteria for the biochemical diagnosis of SSIR exist, there is a general consensus to consider the following conditions indicating (i) a fasting insulin value above 20.9 µg/mL and/or a peak insulin value on glucose tolerance testing above 209 µg/mL when diabetes is absent and a BMI below 30 kg/m 2 is present; (ii) or an exogenous insulin requirement of >3 units/kg per day when diabetes with absolute insulin deficiency is present with a BMI below 30 (65, 68) . However, the biochemical diagnosis of SSIR becomes difficult in the presence of partial β-cell compensation and/or in BMI above 30 due to background obesity-related insulin resistance, glucotoxicity impairing islet function and mixtures of endogenous and exogenous insulin in the blood. In this condition, insulin resistance should be interpreted in the light of clinical history and physical signs. A physical sign always present in SSIR is acanthosis nigricans. Other physical signs of SSIR, although not always present, are unusual severe combined dyslipidemia (high triglycerides and low high-density lipoprotein-cholesterol levels) sometimes complicated by unusually severe hepatic steatosis and early-onset hypertension (65, 69) . The prevalence of PCOS secondary to SSIR has not been formally assessed, though referrals to our center in the last 10 years suggest a rate of approximately 1.5% among patients visiting the out-patient clinic for symptoms of PCOS (oligo-amenorrhea, hirsutism, infertility). Among 1200 patients with PCOS included in our database, we have extracted 97 patients with SSIR, defined according to the criteria reported above. Eighteen of these patients (18.6%) had a lipodystrophic phenotype (representing 1.5% of the entire cohort). Ten of these lipodystrophic patients proved to be affected by a genetically determined lipodystrophy, seven by a heterozygous missense mutation in LMNA gene, one by a heterozygous missense mutation in PPARG gene and two by a heterozygous missense mutation in PLIN1 gene (72) . Notably, all these patients had PCOS, according to the NIH criteria (3). The main complaint by each Table 1 . These findings emphasize the concept that the secondary PCOS to SSIR states is much more common than expected. The identification of these secondary phenotypes of PCOS is of importance also because these patients often benefit from tailored therapies, including specific dietary management as well as insulin sensitizers, particularly thiazolidinediones (pioglitazone) (69, 72) , which, however, requires the presence of residual adipose depots to achieve metabolic benefit. Finally, in patients with lipodystrophy and low levels of serum leptin, administration of recombinant human leptin may be dramatically beneficial in improving glycemic control, dyslipidemia and lipid accumulation in the liver (73) .
To conclude, the endocrinologists who deal with PCOS should be aware of the forms of PCOS secondary to SSIR as they are not so uncommon. Although genetics is useful to substantiate the diagnosis, the diagnosis of these forms remains predominantly clinical by the inspection of patients in their underwear with the search for clinical hallmarks, as well as for collateral clinical features.
Drug-induced PCOS

Antiepileptic drugs and the development of PCOS
An association between PCOS and epilepsy was first suggested in 1984 by Herzog and coworkers (74) , who reported that 5 out of 20 women with temporal lobe epilepsy presented with PCOS, supporting a pathophysiological link between the two disorders. In 1993, Isojärvi and coworkers (75) provided the first scientific evidence that in women in the reproductive age treated with valproate (VPA) for epilepsy, most of them had cardinal features of PCOS, such as PCOm and increased testosterone blood levels. The same findings were present, although to a lesser extent, in a subgroup of women treated with carbazepine (CBZ). This study introduced the new concept that treatment with antiepilectic drugs, rather than epilepsy per se, may be responsible for the development of PCOS in these women. Subsequent studies (reviewed in references 76, 77, 78, 79) , provided evidence that the prevalence of PCOS in women affected by primary generalized and localization-related epilepsy was higher than expected, in comparison with the data on the prevalence of PCOS itself in the general population (80) . In any case, these studies focused on individual components of the PCOS phenotype reporting a high occurrence of menstrual dysfunctions or hyperandrogenemia, as well as PCOm. The same review articles (76, 77, 78, 79) focused on VPA-treated epileptic patients and found a specific association of VPA treatment with all features of PCOS, and particularly with its full phenotype, according the NIH criteria (3). These findings were reinforced in 2011, when Hu and coworkers (81) published a meta-analysis aimed at quantifying the association between VPA therapy and an increased risk of PCOS in women with epilepsy. This meta-analysis included only 11 prospective controlled studies involving 556 women with epilepsy treated with VPA, 593 women treated with other antiepileptic drugs, 120 women with untreated epilepsy and 329 healthy controls. The authors reported that the calculated incidence of PCOS in VPAtreated women was significantly higher than that in nontreated women (P < 0.05, OR 3.04, 95% CI: 2.09-4.43), but some difference in the results was detected according to different definitions or diagnostic criteria of PCOS. The raw incidence of PCOS in VPA-treated epileptic women was approximately 1.95-fold with respect to nontreated patients. Collectively, the results of the meta-analysis as well as those of cross-sectional studies emphasized the fact that among the whole cohort of VPA-treated women investigated, the prevalence of PCOS was higher, with particular evidence for adolescent girls with respect to adult women (82) . Further studies have also found some relationship between other neurological disorders, such as bipolar psychosis, and higher prevalence rates of PCOS (76) . The question whether other drugs are involved in the development of the PCOS-like phenotype in susceptible individual requires further attention. One study performed on a population-based controlled cohort reported that oxcarbazepin (OXC), similarly to VPA, was associated with a significant incidence of high testosterone blood levels, and a relatively high prevalence of PCOS (82) . A more recent study including a small cohort of patients (83) reported that women treated with OXC had lower serum total and free testosterone blood levels and higher SHBG levels than the control subjects; however, they displayed increased levels of androstenedione and dehydroepiandrosterone sulfate and a relatively high prevalence of PCOS. A recent report (84) drew attention to the fact that second-generation antipsychotics (ziprasidone, quetiapine, aripiprazole, olanzepine and risperidone) are now generally accepted as an iatrogenic cause or aggravator of metabolic illnesses (85) and could be potential contributors to the development of the PCOS phenotype. Given the health implications in reproductive age women, the disproportionality signal between PCOS and atypical antipsychotics warrants further examination.
Pathophysiological aspects: from clinical research to animal models and in vitro experiments
There are very few studies on the endocrine correlates of epilepsy per se and on the mechanisms of antiepileptic drugs such as VPA. In fact, as reported above, it is well known that epilepsy itself is expected to have negative effects on the reproductive endocrine function because of the complex interaction between the HPG axis and the limbic cortex (76, 77) . In addition, it has been shown that specific subtypes of epilepsy involving the medial temporal lobe regions may cause changes in sex hormone secretion (86) . A primary involvement is an alteration of γ-aminobutyric acid neurons in the control of noradrenergic inputs to gonadotropin-releasing hormone (GNRH) neurons in regulating the pulsatile gonadotropin secretion and the ovulatory surge in the secretion of GNRH and luteinizing hormone (LH) (75) . This may explain the finding of an increased LH pulse, high levels of LH or an altered LH-to-FSH ratio that has been repeatedly observed in untreated epileptic women with regular menses, which supports the concept that the disease by itself may contribute to neuroendocrine and reproductive abnormalities (86) . Further evidence from preclinical studies shows that the induction of temporolimbic seizures in animals was able to cause changes in reproductive hormone levels and also supports the potential combination of both neuroendocrine and ovarian disruption in the regulation of the hypothalamic pituitary axis as well as in the steroidogenetic theca pathways (87, 88) . The negative impact of VPA may, therefore, be additional to the intrinsic neuroendocrine alterations of the different pattern of epilepsy, as described above, due to the specific mechanisms by which VPA may disrupt both neuroendocrine circuits and the ovarian theca cell function, leading in turn to the development of PCOS.
The development of a VPA-dependent increase in body weight is a further intriguing aspect that should be considered in defining the mechanisms responsible for the development of PCOS phenotype in these women. Several studies found that epileptic patients may present with insulin resistance and associated hyperinsulinemia (reviewed in references 76, 77, 78, 79) . It is well known that in women with the classic PCOS phenotype, insulin excess may be responsible for an increased rate of androgen production by the ovarian theca cells (39) . It could be suggested that the negative effects of VPA on body weight and insulin sensitivity may disclose, together with the aforementioned abnormalities in neuroendocrine circuits and an increase in the ovarian androgen production rate, the development of PCOS in susceptible individuals. Much more research is desirable in this area.
Few animal studies have been performed to investigate the potential effectiveness of VPA in determining the PCOS phenotype. Two studies were performed in rats (89) and rhesus monkeys (90) , and failed to mimic the VPA-induced PCOS observed in women. It cannot be excluded that these animal models may be not so appropriate in modeling VPA-induced signs and symptoms associated with PCOS. Intriguingly, it could also be that the negative effects of VPA are not merely dependent on the drug by itself, but rather on the combined effect of the disease (epilepsy) and VPA administration. By contrast, very interesting data emerged from in vitro studies. In their first study on the topic, Nelson-DeGrave and coworkers (91) demonstrated that in long-term cultures of theca cells isolated from follicles of normal cycling women and of those treated for 72 h with VPA (30-3000 micromoles), an increase in forskolin-stimulated steroidogenesis could be observed. In particular, the most pronounced effect of VPA on androgen biosynthesis was observed in the dose range of 300-3000 microns, which intriguingly represents the therapeutic levels in the treatment of epilepsy and bipolar disorder. This is the first biochemical evidence to support a direct link between VPA treatment and increased ovarian androgen biosynthesis. Further studies by the same research group (92) focused on determining whether VPA induces a PCOS-like genomic phenotype. They compared the gene expression profiles of untreated normal, VPA-treated normal and PCOS theca cells. They found that VPA-and PCOS-induced changes in gene expression-enhanced Akt/PKB signal transduction in human theca cells were similar, which indicates that common changes in gene expression in PCOS and VPA-treated normal theca cells may occur, therefore suggesting a mechanistic link for the development of PCOS features, including increased steroid synthesis and arrested follicle development in women receiving chronic VPA therapy.
Conclusions and future perspectives
This review summarizes the available evidence for the development of the concept that a secondary PCOS exists and that it may represent a comorbidity of other disorders, with specific pathophysiological mechanism that may differ with respect to those believed to favor the development of the classic PCOS phenotype. We believe that a specific area for much more research is that characterized by the association between obesity and PCOS. This association is largely variable across the world, although it is quite clear that the association between these two disorders is much less important in Europe with respect to North America. We have introduced the concept that early onset of obesity during childhood and adolescence may predispose to the development of PCOS, also because it is intrinsically associated with the development of androgen excess that may differ with respect to those involved for the classic PCOS phenotype. There are also studies supporting the concept that PCOS can completely recover after sustained weigh loss. We believe that this may represent a new perspective from the clinical point of view requiring much more scientific interest and research activity. Another area of great interest is the potential responsibility of SSIR and PCOS. There is increasing evidence that genetic factors may be responsible for the association between SSRI and other endocrine and metabolic issues, including PCOS. Clinicians should be much more involved in this expanding area. Finally, the frequent association between drugs used in the treatment of epilepsy (and other psychiatric disorders) and PCOS phenotype opens new perspectives on the role of neuroendocrine factors responsible for androgen excess as well as their role in ovarian steroidogenesis.
